Supplementary Methods

DFT calculations
Activation barriers were calculated for reactions between the following compounds (Suppl. Figure 1 ), named here according to IUPAC nomenclature: n-propyl azide, (4-(1,2,4,5)-tetrazin-3-yl)phenyl methanamine or benzylamino tetrazine (H-Tet) and (4-(1,2,4,5)-6-methyl-tetrazin-3-yl)phenyl methanamine or benzylamino methyltetrazine (Me-Tet) with r,2e,r p -and s,2e,s p -cyclooct-2-en-1-methylcarbamate (TCO*e), r,2e,s p -and s,2e,r p -cyclooct-2-en-1-methylcarbamate (TCO*a), r-and s-cyclooct-2-yn-1-methylcarbamate (SCO), and endo-and exo-bicyclonon-5-yn-1-methylcarbamate (BCN endo & BCN exo ).
Initial conformations of all 11 reactants (Figure 1a , Suppl. Figure 1 ) were obtained by steepest descent and conjugate gradient energy minimization starting from a large rotamer ensemble of each reactant using the general amber force field (GAFF), [1, 2] deploying the software Avogadro. [3] The lowest energy conformations were then used as input coordinates for quantum mechanical (QM) optimization using the M06-2X Minnesota functional [1] and the Pople split valence basis set 6-311+G(d,p) [4] deploying Gaussian 09. [5] This Hybrid-Meta exchange correlation functional features medium range dispersion interaction and is known to perform well for these type of reactions at moderate computational cost. [6] [7] [8] [9] The M06-2X functional is known to underestimate dispersion interactions such as those of benzene in Me-Tet and H-Tet. [10, 11] However, this error should largely cancel out in our calculations as the van der Waals complex that we chose as the reference state for E act has dispersion interactions highly similar to the one of the TS. We performed calculations in both vacuum and solvent, and report the experimentally more relevant results from calculations in solvent only. For several reactions, very different conformations were obtained in solvent calculations vs. vacuum, hence computing solvated energies on conformations obtained from vaccum calculations was not feasible. QM data was parsed for further analysis using the excellent cclib library. [12] Upon ligation of each of the eight 8-membered ring isomers to azide, Me-Tet and H-Tet, respectively, in both an antiparallel and parallel fashion with respect to the tail orientations of the two reactants, we obtained 48 products, which were again minimized using M06-2X.
Due to the multi-configurational phase space of the complex molecules investigated here, obtaining global minima and real TS structures poses a challenge. The transition state (TS) search for each of the reactions was performed through relaxed potential energy surface (PES) scans in reverse reaction coordinate direction, at the full M06-2X/6-311+G(d,p) level of theory. For SPAAC reactions, one-dimensional PES scans were performed by opening the N-N-N azide angle in steps of 2 degrees, refined to 0.5 degrees close to the saddle point. The two highest energy conformations from the PES scans were then used as starting points for a TS search employing the Berny algorithm. SPIEDAC/SPINEDAC scans were performed along two dimensions by increasing the lengths of the two newly formed C-N bonds by about 0.2 Å per step. Here, three scan points in the vicinity of the saddle point were used as starting points for the TS search. While not always all three starting points lead to a TS structure as indicated by a single imaginary frequency, with SPIEDAC/SPINEDAC reactions being particularly challenging, we could finally obtain TS for all 48 reactions from at least two different starting points in the scanned PES. The imaginary frequencies of the transition states are listed in Suppl. Table 1 .
Van der Waals complexes of all reactions were obtained by geometry optimizing a conformation close to the TS with the PES scan coordinates slightly above the TS treshold. All of the obtained geometry optimized conformations (reactants, complexes, and products) and their energies were validated by additional optimizations starting from other initial configurations.
The ligation of Me-Tet and H-Tet to the strained rings is followed by a low barrier N 2 exit (for which we estimate a height of 1.5-2 kcal/mol), so that the first cycloaddition step represents the rate-limiting step. This is in agreement with previous studies. [13] We identified the set of possible interacting molecular orbitals by symmetry overlaps between the relevant occupied and unoccupied orbitals for any pair of reactants. The smallest energy difference defined the interacting orbitals and thereby if a normal (diene HOMO with dienophile LUMO) or inverse demand Diels-Alder reaction (diene LUMO with dienophile HOMO) is at play (Suppl. Tables 2 and 3 The kinetic measurements were performed using stopped-flow spectroscopy. Details are described elsewhere, [14] and results are listed in Suppl. Table 1 . Supplemental Table 1 : Overview of all activation energies, orbital gaps, distortion energies for the 8-ring and the azide or tetrazine, imaginary frequencies of the TS for all isomers and tail orientations and measured experimental rates k. The measured reaction rates are for H-Tet-Cy5 and Me-Tet-Cy5, respectively (see [14] for more details). The reaction rates for the azide-SCO/BCN cycloadditions were taken from Borrmann et al.. [15] MO and corresponding energies in (eV) compound HOMO- 
